Substance P (SP) selectively activates mast cells that reside in connective tissues. We studied the reactions of bone marrow-derived mast cells (BMMC) of three mouse strains, cultured with or without fibroblasts. BMMC co-cultured with fibroblasts, but not those cultured alone, increased intracellular Ca 2+ , released LTB 4 and histamine in response to SP. PD098059 significantly inhibited the release of LTB 4 , but not histamine in all strains. SB203580 failed to reduce or slightly impaired the release of LTB 4 . These results suggest that mast cells undergo maturation under the influence of fibroblasts, acquiring the responsiveness to SP with Ca 2+ signals and predominantly ERK-MAP kinase.
Introduction
Substance P (SP) located in cutaneous sensory neurons (Hökfelt et al., 1975 ) is a major mediator of neurogenic inflammation (Prenow, 1983) . It induces the degranulation of mast cells isolated from the peritoneal cavity of rats (Fewtrell et al., 1982) and human skin (Benyon et al., 1987) , releasing chemical mediators such as histamine. Intradermal injection of SP induces an immediate wheal-and-flare response (Häger-mark et al., 1978; Jorizzo et al., 1983; Foreman et al., 1983) and granulocyte infiltration in both animal (Matsuda et al., 1989; Yano et al., 1989; Walsh et al., 1995) and human skin (Smith et al., 1993) . Prior application of local anesthetics, which prevent mast cell activation (Foreman et al., 1983) , and systemic administration of anti-histamines reduce wheal-andflare responses (Hägermark et al., 1978; Jorizzo et al., 1983; Foreman et al., 1983) . It is therefore well accepted that histamine released from mast cells mediates or enhances these reactions (Petersen et al., 1994) .
However, the mechanism of granulocyte infiltration induced by SP has remained a matter of discussion. Using mast cell deficient mice, Matsuda et al. (1989) and Yano et al. (1989) have demonstrated that this reaction is dependent on mast cells. It has also been reported that this reaction was inhibited by antagonists of leukotriene (LT) B 4 (Iwamoto et al., 1993) , inhibitors of 5-lipoxygenase (Walsh et al., 1995) , or those of LT synthetase (Saban et al., 1997) . These studies suggest that the granulocyte infiltration induced by SP is critically mediated by mast cell-derived LTB 4 , a potent chemoattractant for neutrophils and eosinophils (Ford-Hutchinson et al., 1980) . On the other hand, Robinson et al. (1989) reported that SP induced the release of histamine but not that of LTB 4 from dispersed human skin mast cells. More recently, we have demonstrated that SP induced the release of LTB 4 as well as histamine from human skin tissues from 8 out of 22 non-allergic individuals, whereas house dust mite antigen did so from tissues of all 22 donors (Okabe et al., 2001; Koro et al., 1999) , indicating that human skin mast cells are heterogeneous among donors in terms of the 
